Adsorption of arsenite (As(III)) from aqueous solutions onto iron oxide impregnated sugarcane bagasse was investigated in this study. The linear regression analysis showed that Langmuir adsorption isotherm fitted well to the experimental data. Langmuir constants 'a' related to the adsorption capacity and 'b' related to the binding energy of sorption system were found to be 1.55 mg/g and 46.44 L/mg, respectively. A kinetic study revealed that uptake of As(III) was rapid in the first 30 min after which it slowed down and became almost constant after 90 min, indicating that the equilibrium had been reached. Kinetic data correlated well with the pseudo-second order kinetic model, suggesting that the adsorption process might be chemisorption. Estimated pseudo-second order kinetic rate constant was 2.113 g/mg min. Evaluation of thermodynamic parameters (ΔG, ΔH, ΔS) indicated that the adsorption process was feasible and endothermic in nature.
INTRODUCTION
Arsenic in ground water has become a global matter of concern. In recent years, the problem has increased worldwide, including several regions of southeast Asia such as Bangladesh, several states of India, Nepal, Myanmar, Pakistan, Vietnam, Lao People's Democratic Republic, Cambodia, China (Mukherjee et al. ) , Chile, Ghana, Hungary, Mongolia, Mexico, New Zealand, Philippines, Taiwan and in the lowlands of Sumatra in Indonesia (Winkel et al. ) .
Arsenic is toxic and has a carcinogenic element and ingestion causes various diseases such as dermatitis, hypertension, respiratory, neurologic and liver disorders (IARC ). To reduce arsenic related illness the United State Environmental Protection Agency and many countries have lowered the public drinking-water standard from 50 to10 μg/L.
Conventionally, coagulation and flocculation, membrane filtration, ion exchange and adsorption processes are used for arsenic removal. Coagulation and flocculation, membrane filtration and ion exchange techniques require relatively high capital and operating costs. Alzheimer's disease and carcinogenic effects of coagulants alum lime, aluminum sulphate, polyaluminum chloride, polyaluminum silico sulphate, soda ash and synthetic polymers resulting from such treatments are other serious drawbacks of the coagulation and flocculation process (Pushpa et al. ) .
Membranes can be fouled by colloidal matter in the raw water, particularly organic matter. Iron and manganese can also lead to scaling and membrane fouling. It is widely recognized that adsorption is an ideal and appropriate technique compared to other techniques. Adsorption is a cheaper technique, simple in operation and maintenance is usually low.
Many adsorbents such as activated carbon (Lorenzen et (Gimenez et al. ) were found to be effective adsorbent materials for the removal of arsenic from aqueous solutions. Iron oxides have a strong affinity for arsenic in water. However, they are available only as fine powders or are generated in situ as gels, which are difficult to separate from water after adsorption is completed (Guo et al. ; Habuda-Stanic et al. ) . Hence, in the present study natural waste material sugarcane bagasse was identified as the adsorbent material and impregnated with iron oxide for enhanced removal of As(III), which was considered difficult to remove from water. The present study also deals with isotherm, kinetic and thermodynamic analysis for As(III) removal from the water on iron oxide impregnated sugarcane bagasse (IOISB) adsorbent.
MECHANISM OF ADSORPTION
The mechanism of arsenic adsorption on ferric oxide is associated with the formation of surface complexes between soluble arsenic species and the solid hydroxide surface sites. 
MATERIALS AND METHODS

Reagents and apparatus
All the chemicals used in the current study were of analytical grade. Stock solutions containing 1,000 mg/L of As(III) was prepared by dissolving As 2 O 3 (SD Fine Chem., India) in distilled water. Working solutions as per the experimental requirements were freshly prepared from the stock solution.
Fe(NO 3 ) 3 ·9H 2 O (Merck) was used for the coating process.
Quantitative determination of arsenic was carried out by the silver diethyl dithiocarbamate method using a UV-VIS spectrophotometer (Elico, India, Model no. SL 210) at a wavelength of 535 nm.
Preparation and characterization of adsorbent surface area analyzer by nitrogen gas adsorption. The surface morphology of IOISB adsorbent was compared before and after adsorption by scanning electron microscopy (SEM).
Adsorption experiments
Batch adsorption experiments were conducted to obtain the data for the kinetic, equilibrium, and thermodynamic study for As(III) adsorption on IOISB adsorbent at room temperature. The experiment was conducted in glass beakers, 
Adsorption isotherm
The adsorption isotherms were obtained to determine the capacity of the adsorbent for As(III) removal at room temperature. The adsorbate concentrations were varied from 0.2 to The experimental data obtained are applied to the Langmuir and the Freundlich models.
The Freundlich isotherm is expressed as:
and the Langmuir isotherm as:
where C e is the equilibrium solute concentration (mg/L), q e is the amount of As(III) adsorbed at equilibrium (mg/g), k and n are the Freundlich constants representing the adsorption capacity (mg/g) and the adsorption intensity. Larger values of k mean larger capacity of adsorption. Larger values of 1/ n mean that the adsorption bond is weak because the value of q e experiences large changes for small changes in C e . The values of the constants 'n' and 'k' can be determined from the slope and intercept of the plot between log q e and log adsorption process by IOISB is favorable or unfavorable for the Langmuir type adsorption process: To estimate the uptake rate two kinetic models were analyzed from the data obtained. The pseudo-first order rate model is given by the following expression:
where q e and q t (mg/g) are the amounts of arsenic adsorbed at equilibrium and time t (min), k 1 is the rate constant of the equation (min À1 ). The value of k 1 is calculated from the slope of the linear plot of log (q e Àq t ) versus t, which is shown in Figure 7 .
The pseudo-second order rate model is expressed as: 
Langmuir isotherm --0.155 46. 44 0.917 where h ¼ k 2 q e 2 which denotes the initial sorption rate (mg/g min) and k 2 (g/mg min) is the rate constant of the pseudo-second order equation. The second order rate constant k 2 and q e are calculated from the intercept and slope of the plot of t/q t versus t. The experimental data plotted is shown in Figure 8 . The calculated values of q e , k 1 , k 2 and R 2 are presented in Table 2 
Thermodynamic study
The thermodynamic study for the adsorption of As ( The equilibrium partition coefficient (Kc) is calculated as:
The thermodynamic parameters such as change in free energy (ΔG), enthalpy (ΔH ) and entropy (ΔS) are calculated from the following equations and are given in Table 4 .
where R is the gas constant (8.314 J/mol K), C s and C e are the equilibrium concentrations of the arsenic in the adsorbent (mg/L) and solution (mg/L) respectively and T is the solution temperature (K). ΔH and ΔS are calculated from the slope and intercept of the plot of ln K c versus 1/T as shown in Figure 9 .
The estimated values of thermodynamic parameters are shown in Table 3 
